scale. The feasibility to develop a solar cell, organic molecules and polymers are two of the most important alternatives 6 . Currently, molecular modeling techniques and especially quantum chemistry offer a competitive alternative for the interpretation of the experimental data arising from industrial interests and developments. For UV/Vis calculations, one of the most popular approach remains in the timedependent density functional theory (TDDFT),which commonly provides accurate results for a reasonable computational effort, especially when hybrid functional are used.Therefore, we have set up a general TDDFT-based theoretical procedure for the UV/Vis prediction of BCA absorption spectra, and we strive for the 0.1-0.2 eV accuracy that is the generally accepted upper limit required for the design of new industrial dyes. To meet this target, our computational procedure is taking into account the solvation process of the dyes by means of the Polarizable Continuum Model (PCM). This above mentioned procedure is also used to gain insights into the geometrical and electronic structures, of the dyes and to bring up the adequate structural modifications to optimize the properties of the newly designed DSSCs. More precisely, in this contribution, we focus on the free energy of the electron injection onto the TiO 2 substrate and on the light harvesting abilities of the dyes [7] [8] .
The 2,1,3 Benzoxadiazole-5-carboxylic acid [BCA] belongs to heterocyclic building blocks and also laser dyes. It is widely used in organic electronics and photonics. The molecular formula of the chemical is C 7 H 4 N 2 O 3 . It is a hydrogen bond acceptor and donor. As such, we consider it important to understand the similarity between their properties and hope it can be used for DSSC.
Computational details
All calculations have been performed with the Gaussian 09 package 9 .The ground state geometries of 2,1,3 Benzoxadiazole-5-carboxylic acid dyes optimized with DFT at B3LYP/6-311+G(d,p) level 10, 11 . The solvation effects were evaluated using Polarizable Continuum Model (PCM). 12, 13 . In PCM, one usually divides the problem into a solute part (the dye) lying inside a cavity and a solvent part [14] [15] [16] .
RESULTS AND DISCUSSION

Electronic structure
This study was carried out to design new sensitizers for DSSC application. The designed dyes consist of following parts: Auxiliary donor (AD), donor (D), pi-spacer () and acceptor (A) as shown in Figure 1 . We have designed new dyes by the structural modification of 2,1,3 Benzoxadiazole-5-carboxylic acid(BCA). Structure of 2,1,3 Benzoxadiazole-5-carboxylic acid(BCA) and its structural modifications are given in Figure 2 . The ground state structure for 2,1,3 Benzoxadiazole-5-carboxylic acid(BCA) dyes were carried out at the B3LYP-6-311+G(d,p) level. The discussion based on geometrical parameter of ground state structure is neglected. The highest occupied molecular orbital energies (HOMO) and the lowest unoccupied molecular orbital energies LUMO of all BCA dyes computed at the B3LYP-6311+G(d,p) level in gas phase and DMF are listed in table 1. Both HOMO and LUMO levels for all dyes in solvent medium are higher than that of a gas phase. The energy gap figure 3 shows that the data of HOMO, LUMO energies was extracted from optimization output in gas phase. Figure 4 show the levels of HOMO, LUMO of all the dyes in solvent phase when the frontier molecular orbital of all dyes are compared with the corresponding metal oxide.
To get further insights into the molecular structure and electronic distribution of these organic dyes, we have performed the molecular orbital analysis (MOA) at the B3LYP/6-311+G(d,p) level of theory. The electron distribution for the HOMO and LUMO of BCA derivatives are depicted in figure 5 . For all the considered systems the HOMO is essentially localized on the nitrogen atoms whereas LUMO is located in anchoring group through -bridge. The MOA reveals that the canon-acrylic acid group is essentially coplanar to the phenyl group. It is also important to underline that in view of the MOA, the HOMOLUMO excitation induced by light irradiation could move the electron distribution from the BCA moiety to the anchoring group. Therefore, assuming a similar molecular orbital shape when the dye is anchored to the LUMO centered on the anchoring moiety should enhance the orbital overlap with the titanium 3d orbital and subsequently favour the electron injection in TiO 2 matrix.
Electron injection
In this section, we focus on the evaluation of the electro chemical properties of the dyes in ] state oxidation potential computed in gas phase and solvent phases for the series of BCA dyes. From these results one can conclude that the effects of the dielectric surroundings on G inject value is huge with the shift of approximately -0.2 eV when going from gas to DMF. Note that the shift of the both ground and excited state oxidation potential in solvent phase reduce which results in the stabilization of oxidized dyes and favour the electron injection in solvent medium. A comparison between gas and solvent phase oxidation potential allows to conclude that the ground state oxidation potential cathodic shift induced by the solvent is only loosely sensitive to the permittivity of the surroundings. All G inject estimated in the table 2 is a negative value for all dyes. More negative of G inject from gas to solvent medium were found. From these results , it is indicated that the effect of dielectric surroundings to G inject values is huge with a shift of -0.18 eV from gas to solvent. Where A(f) is the absorption (oscillator strength) of the dye associated to the  max .It is known that TDDFT is less efficient for the evaluation of transition probabilities than for transition energies. For the sake of computational consistency, the LHE criterion has therefore to be underweighted in our classification, as our estimates of G inject and E dye OX are probably more reliable. However, we have to underline that the dependence of the experimental extinction coefficient with respect to auxochromic effects was qualitatively reproduced for the 2,1,3 Benzoxadiazole-5-Carboxylic acid derivatives.
The light harvesting efficiency (LHE) is the efficiency of dye in responding to light .It is another factor which indicates the efficiency of DSSC. The light harvesting efficiency (LHE) of the dye should be as high as possible to maximize the photocurrent response. The value of LHE of the dyes has to be as high as possible to maximize the photocurrent response. The LHE has to be underweighted for the calculation. These values are important for charge transfer process in DSSC. So the LHE is regarded to underweight in this work. The LHE of all the dyes are calculated and listed in 
Electronic absorption spectra
TD/DFT/6-311+G(d,p) methods were employed to simulate the optical properties of the dyes. The computed vertical excited singlet states, transition energies and oscillating strength of all dyes in gas phase and solvent medium are tabulated in table 4.The graph plotted wavelength versus oscillator strength are shown in figure 6 .
The vertical excitation energies of the dyes are increasing E exi its value by the substitution. The transition to the character of most of the dyes show the HOMO, LUMO transition as the first singlet excitation except for BCA. In the major contribution of the transition characters in the gas phase differs from those solvent due to the effect of polar environment and the electronic energy level. The maximum wavelength for UV-Vis absorption spectra of all the dyes simulated in various media are shown in table 4.The calculation in gas phase and solvent medium is different by approximately the red shift were found for most of the dyes from gas phase and solvent phase.
CONCLUSION
This work is reported as a theoretical study of 2,1,3 Benzoxadiazole-5-carboxylic acid dye using DFT method. The ground and the excited state oxidation potential energy as well as electron injection of the dyes show that these dyes are potential to be good photo sensitizers in DSSC. The LUMO of the dyes with nearly 1.0 eV upper than E cb of TiO 2 indicated that these dyes are thermodynamically favorable in charge transfer into conduction band of TiO 2 . All new designed dyes were highly red shifted as compared to 2,1,3 Benzoxadiazole-5-carboxylic acid due to solvent effect. It can be noted that on the BSC dyes in this calculations give the better DSSC efficiency. However we suggest that the further chemical modification of the dye such as adding high effective electron acceptors and donors could raise the G inject and LHE of the DSSC with these photo sensitizers.
